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Abstract
Double–lepton polarization asymmetries in the B → ℓ+ℓ−γ decay are calculated
using the most general, model independent form of the effective Hamiltonian including
all possible forms of the interaction. The dependencies of the asymmetries on new
Wilson coefficients are investigated. The detectability the averaged double–lepton
polarization asymmetries at LHC is also discussed.
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1 Introduction
Rare radiative leptonic Bs(d) → ℓ+ℓ−γ decays are induced by the flavor–changing neutral
current transitions b→ s(d). In the standard model (SM) such processes are described by
the penguin and box diagrams and have branching ratios 10−8 − 10−15 (see for example
[1]). These rare decays can not be observed at the running machines such as Tevatron,
BaBar and Belle, but the Bs(d) → µ+µ− and Bs(d) → µ+µ−γ decays are already studied
[2]. Moreover, the transition form factors and many experimental observables such as,
the branching ratio, photon energy, dilepton mass spectra and charge asymmetries are
calculated for the Bs(d) → ℓ+ℓ−γ decays in [3–9]. At the same time Bs(d) → ℓ+ℓ−γ decays
might be sensitive to the new physics beyond the SM. New physics effects in these decays can
appear in two different ways: either through the new operators in the effective Hamiltonian
which are absent in the SM, or through new contributions to the Wilson coefficients existing
in the SM. One efficient way for precise determination of the SM parameters and looking for
new physics beyond the SM is studying the lepton polarization effects. It has been pointed
out in [10] that some of the single lepton polarization asymmetries might be too small to be
observed and might not provide sufficient number of observables in checking the structure
of the effective Hamiltonian. In need of more observables, in [10], the maximum number
of independent observables have been constructed by considering the situation where both
lepton polarizations are simultaneously measured.
In the present work, we analyze the possibility of searching for new physics in the
B → ℓ+ℓ−γ decay by studying the double–lepton polarization asymmetries, using the most
general, model independent form of the effective Hamiltonian including all possible inter-
actions.
The work is organized as follows. In section 2, the matrix element for the Bs → ℓ+ℓ−γ
is obtained, using the general, model independent form of the effective Hamiltonian. In
section 3, we calculate the double–lepton polarization asymmetries. Section for is devoted
to the numerical analysis, discussions and conclusions.
2 Matrix element for the Bq → ℓ+ℓ−γ decay
In this section we derive the matrix element for the B → ℓ+ℓ−γ using the general, model
independent form of the effective Hamiltonian. The matrix element for the process B →
ℓ+ℓ−γ can be obtained from that of the purely leptonic B → ℓ+ℓ− decay. At inclusive
level the process B → ℓ+ℓ− is described by b→ qℓ+ℓ− transition. The effective b→ qℓ+ℓ−
transition can be written in terms of twelve model independent four–Fermi interactions in
the following form [11]:
Heff = Gα√
2π
VtqV
∗
tb
{
CSL q¯iσµν
qν
q2
L b ℓ¯γµℓ+ CBR q¯iσµν
qν
q2
R b ℓ¯γµℓ
+ CtotLL q¯LγµbL ℓ¯Lγ
µℓL + C
tot
LR q¯LγµbL ℓ¯Rγ
µℓR + CRL q¯RγµbR ℓ¯Lγ
µℓL
+ CRR q¯RγµbR ℓ¯Rγ
µℓR + CLRLR q¯LbR ℓ¯LℓR + CRLLR q¯RbL ℓ¯LℓR + CLRRL q¯LbR ℓ¯RℓL
+ CRLRL q¯RbL ℓ¯RℓL + CT q¯σµνb ℓ¯σ
µνℓ+ iCTE ǫ
µναβ q¯σµνb ℓ¯σαβℓ
}
, (1)
1
where CX are the coefficients of the four–Fermi interactions and
L =
1− γ5
2
, R =
1 + γ5
2
.
The terms with coefficients CSL and CBR which describe penguin contributions correspond
to −2msCeff7 and −2mbCeff7 in the SM, respectively. The next four terms in this expression
are the vector interactions. The interaction terms containing CtotLL and C
tot
LR in the SM have
the form Ceff9 − C10 and Ceff9 + C10, respectively. Inspired by this CtotLL and CtotLR will be
written as
CtotLL = C
eff
9 − C10 + CLL ,
CtotLR = C
eff
9 + C10 + CLR ,
where CLL and CLR describe contributions from new physics. The terms with coefficients
CLRLR, CRLLR, CLRRL and CRLRL describe the scalar type interactions. The last two terms
in Eq. (1) with the coefficients CT and CTE describe the tensor type interactions.
Having presented the general form of the effective Hamiltonian the next problem is the
calculation of the matrix element of the Bq → ℓ+ℓ−γ decay. This matrix element can be
written as the sum of the structure–dependent and inner Bremsstrahlung parts
M =MSD +MIB . (2)
The matrix element for the structure–dependent partMSD can be obtained by sandwiching
the effective Hamiltonian between initial B and final photon states, i.e., 〈γ |Heff |B〉. It
follows from Eq. (1) that in order to calculate MSD, the following matrix elements are
needed
〈γ |s¯γµ(1∓ γ5)b|B〉 ,
〈γ |s¯σµνb|B〉 ,
〈γ |s¯(1∓ γ5)b|B〉 . (3)
The first two of the matrix elements in Eq. (3) are defined as [3, 12, 13]
〈γ(k) |q¯γµ(1∓ γ5)b|B(pB)〉 = e
m2B
{
ǫµνλσε
∗νqλkσg(q2)± i
[
ε∗µ(kq)− (ε∗q)kµ
]
f(q2)
}
, (4)
〈γ(k) |q¯σµνb|B(pB)〉 = e
m2B
ǫµνλσ
[
Gε∗λkσ +Hε∗λqσ +N(ε∗q)qλkσ
]
, (5)
respectively, where ε∗ and k are the four vector polarization and momentum of the photon,
respectively, q is the momentum transfer, pB is the momentum of the B meson and g(q
2),
f(q2), G(q2), H(q2) and N(q2) are the B → γ transition form factors. The matrix element
〈γ(k) |s¯σµνγ5b|B(pB)〉 can be obtained from Eq. (5) using the identity
σµν = − i
2
ǫµναβσ
αβγ5 .
2
The matrix elements 〈γ(k) |s¯(1∓ γ5)b|B(pB)〉 and 〈γ |s¯iσµνqνb|B〉 can be calculated by
contracting both sides of the Eqs. (4) and (5) with qµ and qν , respectively. We get then
〈γ(k) |s¯(1∓ γ5)b|B(pB)〉 = 0 , (6)
〈γ |s¯iσµνqνb|B〉 = e
m2B
i ǫµναβq
νεα∗kβG . (7)
The matrix element 〈γ |s¯iσµνqν(1 + γ5)b|B〉 can be written in terms of the form factors that
are calculated in framework of the QCD sum rules [3] and light front model [4] as follows
〈γ |s¯iσµνqν(1 + γ5)b|B〉 = e
m2B
{
ǫµαβσ ε
α∗qβkσg1(q
2) + i
[
ε∗µ(qk)− (ε∗q)kµ
]
f1(q
2)
}
. (8)
It should be noted that these form factors were calculated in framework of the light–front
model in [13]. Eqs. (5), (7) and (8) allow us to express G, H and N in terms of the form
factors g1 and f1. Using Eqs. (4)–(8), MSD can be expressed as
MSD = αGF
4
√
2 π
VtbV
∗
tq
e
m2B
{
ℓ¯γµ(1− γ5)ℓ
[
A1ǫµναβε
∗νqαkβ + i A2
(
ε∗µ(kq)− (ε∗q)kµ
)]
+ ℓ¯γµ(1 + γ5)ℓ
[
B1ǫµναβε
∗νqαkβ + i B2
(
ε∗µ(kq)− (ε∗q)kµ
)]
+ i ǫµναβ ℓ¯σ
µνℓ
[
Gε∗αkβ +Hε∗αqβ +N(ε∗q)qαkβ
]
(9)
+ i ℓ¯σµνℓ
[
G1(ε
∗µkν − ε∗νkµ) +H1(ε∗µqν − ε∗νqµ) +N1(ε∗q)(qµkν − qνkµ)
]}
,
where
A1 =
1
q2
(
CBR + CSL
)
g1 +
(
CtotLL + CRL
)
g ,
A2 =
1
q2
(
CBR − CSL
)
f1 +
(
CtotLL − CRL
)
f ,
B1 =
1
q2
(
CBR + CSL
)
g1 +
(
CtotLR + CRR
)
g ,
B2 =
1
q2
(
CBR − CSL
)
f1 +
(
CtotLR − CRR
)
f ,
G = 4CTg1 ,
N = −4CT 1
q2
(f1 + g1) , (10)
H = N(qk) ,
G1 = −8CTEg1 ,
N1 = 8CTE
1
q2
(f1 + g1) ,
H1 = N1(qk) .
For the inner Bremsstrahlung part we get
MIB = αGF
4
√
2π
VtbV
∗
tqefBi
{
F ℓ¯
( 6ε∗ 6pB
2p1k
− 6pB 6ε
∗
2p2k
)
γ5ℓ
+ F1 ℓ¯
[ 6ε∗ 6pB
2p1k
− 6pB 6ε
∗
2p2k
+ 2mℓ
(
1
2p1k
+
1
2p2k
)
6ε∗
]
ℓ
}
, (11)
3
where we have used
〈0|s¯γµγ5b|B〉 = − ifBpBµ ,
〈0|s¯σµν(1 + γ5)b|B〉 = 0 ,
and conservation of the vector current. The functions F and F1 are defined as follows
F = 2mℓ
(
CtotLR − CtotLL + CRL − CRR
)
+
m2B
mb
(
CLRLR − CRLLR − CLRRL + CRLRL
)
,
F1 =
m2B
mb
(
CLRLR − CRLLR + CLRRL − CRLRL
)
. (12)
3 Double–lepton polarization asymmetries in Bq →
ℓ+ℓ−γ decay
In the present section we calculate the double–lepton polarization asymmetries, i.e., when
polarizations of both leptons are taken into account. In order to calculate the double
lepton polarization asymmetries we define the following orthogonal unit vectors s±i in the
rest frame of ℓ±
s−µL =
(
0, ~e−L
)
=
(
0,
~p−
|~p−|
)
,
s−µN =
(
0, ~e−N
)
=
(
0,
~pΛ × ~p−
|~pΛ × ~p−|
)
,
s−µT =
(
0, ~e−T
)
=
(
0, ~e−N × ~e−L
)
,
s+µL =
(
0, ~e+L
)
=
(
0,
~p+
|~p+|
)
,
s+µN =
(
0, ~e+N
)
=
(
0,
~pΛ × ~p+
|~pΛ × ~p+|
)
,
s+µT =
(
0, ~e+T
)
=
(
0, ~e+N × ~e+L
)
, (13)
where ~p± and ~k are the three–momenta of the leptons ℓ
± and photon in the center of mass
frame (CM) of ℓ− ℓ+ system, respectively. Transformation of unit vectors from the rest
frame of the leptons to CM frame of leptons can be accomplished by the Lorentz boost.
Boosting of the longitudinal unit vectors s±µL yields
(
s∓µL
)
CM
=
( |~p∓|
mℓ
,
Eℓ~p∓
mℓ |~p∓|
)
, (14)
where ~p+ = −~p−, Eℓ is the energy of the lepton in the CM frame and mℓ is its mass. The
unit vectors s±µN , s
±µ
T are unchanged under Lorentz transformation.
Having obtained necessary expressions, we now define the double–polarization asymme-
tries as follows [10]:
4
Pij(q
2) =
(dΓ(~s−i , ~s+j )
dq2
− dΓ(−~s
−
i , ~s
+
j )
dq2
)
−
(dΓ(~s−i ,−~s+j )
dq2
− dΓ(−~s
−
i ,−~s+j )
dq2
)
(dΓ(~s−i , ~s+j )
dq2
+
dΓ(−~s−i , ~s+j )
dq2
)
+
(dΓ(~s−i ,−~s+j )
dq2
+
dΓ(−~s−i ,−~s+j )
dq2
) , (15)
where, the first subindex i represents lepton and the second one antilepton. Using this
definition of Pij, and after lengthy calculations, for the nine double–lepton polarization
asymmetries we get
PLL =
1
∆
{
− 4
mˆℓ
mB sˆ
2(1− sˆ)(1− v2)Im[(A∗2 +B∗2)H1]
+ 16sˆ(1− sˆ)Re[v2G∗H − (1− 2v2)G∗1H1]
+ 16sˆ2
[
v2 |H|2 − (1− 2v2) |H1|2
]
+
1
2
f 2Bm
4
B
{
(1− sˆ)2(I1 + I4)− [2sˆ+ (1 + sˆ2)v2]I3 + [2sˆ− (1 + sˆ2)v2]I6
}
|F |2
+
1
2
f 2Bm
4
B
{
− (1− sˆ)2I1 + v2[1 + sˆ(2− sˆ+ 2sˆv2)]I3
− (1− sˆ)[(1− sˆ)I4 + 2sˆv(1− v2)I5] + v2[1− sˆ(2 + sˆ− 2sˆv2)]I6
}
|F1|2
− 4fBm2B sˆv[(1− sˆ)vI8 + (1 + sˆ)I9]Re[F ∗H ]
− 4fBm2B sˆ[(1− sˆ)v2I8 − (1− sˆ− 2v2)I9]Im[F ∗1H1]
+ fBm
2
B sˆ
[
8(1− sˆ+ 2sˆv2) +m2B(1− sˆ)(4 + v2 − 4sˆ+ 3sˆv2 + 2sˆv4)I8
+ m2B(1− sˆ)(3− 3sˆ− 2v2 + 4sˆv2)I9]
]
Im[F ∗1N1]
+ fB
[
8(1− sˆ− 2sˆv2) +m2B(1− sˆ)(4 + v2 − 4sˆ+ 3sˆv2 − 2sˆv4)I8
− m2B(1− sˆ)(1− sˆ+ 4v2 − 2sˆv2)I9]
]
Im[F ∗1G1]
+ fB
[
− 8(1 + sˆ) +m2B(1− sˆ)(4− v2 − 4sˆ+ 3sˆv2)I8 +m2B(1− sˆ)(1 + sˆ− 4v2)I9]
]
Re[F ∗G]
+ fBm
2
B sˆ
[
− 8(1 + sˆ) +m2B(1− sˆ)(3− sˆ)v2I8 +m2B(1− sˆ2)I9
]
Re[F ∗N ]
+
1
4mˆℓ
fBmB
[
4sˆ(1 + v2 − sˆ+ 3sˆv2) +m2B sˆ(1− sˆ)(4− 4sˆ− 3v2 + 7sˆv2 + v4 − sˆv4)I8
− m2B sˆ(1− sˆ)(1− sˆ+ v2 + 7sˆv2 − 4sˆv4)I9]
]
Re[(A∗2 +B
∗
2)F1]
− 1
2mˆℓ
fBmB sˆ
[
8(1 + sˆ)v2 +m2B(1− sˆ)(2− 2sˆ− 2v2 + 2sˆv2 + v4 + sˆv4)I8
− m2B(1− sˆ2)v2I9]
]
Re[(A∗1 +B
∗
1)F ]
− 8
3
(1− sˆ)2(1− 3v2)
(
|G|2 + |G1|2
)
+
2
3mˆℓ
mB sˆ(1− sˆ)2(1− v2)
{
m2B sˆIm[(A
∗
2 +B
∗
2)N1]− 2Im[(A∗2 +B∗2)G1]
}
+
4
3mˆℓ
mB sˆ(1− sˆ)2(1− v2)Re[(A∗1 +B∗1)G]
5
− 1
3mˆ2ℓ
m2B sˆ
2(1− sˆ)2(1− v2)2Re[A∗1B1 + A∗2B2]
− 2
3
m2B sˆ(1− sˆ)2(1 + 3v2)
(
|A1|2 + |A2|2 + |B1|2 + |B2|2
)
+
8
3
m2B sˆ(1− sˆ)2
[
(1− 2v2)Re[G∗1N1]− v2Re[G∗N ]
]
− 4
3
m4B sˆ
2(1− sˆ)2
[
v2 |N |2 − (1− 2v2) |N1|2
]}
, (16)
PLN =
1
∆
{
2f 2Bm
4
Bmˆℓ
√
sˆ(1− sˆ)v2Im[F1F ∗](I2 + I4)
+ fBm
3
B
√
sˆ(1− sˆ2)v2Im[A∗1(F1 + F ) +B∗1(F1 − F )]I7
+ 8fBm
2
Bmˆℓ
√
sˆ(1− sˆ)v2Im[F ∗1G]I7
+ πmB
√
sˆ(1− sˆ)2v2Re[(A∗1 −A∗2 +B∗1 +B∗2)G1]
− πmB
√
sˆ(1− sˆ)2v2Im[(A∗1 − A∗2 − B∗1 −B∗2)G]
+ 2πmB
√
sˆ3(1− sˆ)v2
[
Re[(A∗1 +B
∗
1)H1]− Im[(A∗1 −B∗1)H ]
− 4πfBmB
√
sˆ(1− sˆ)(1−√1− v2)Im[(A∗2 − B∗2)F1 + (A∗2 +B∗2)F ]
}
, (17)
PNL =
1
∆
{
2f 2Bm
4
Bmˆℓ
√
sˆ(1− sˆ)v2Im[F1F ∗](I2 + I4)
+ fBm
3
B
√
sˆ(1− sˆ2)v2Im[A∗1(F1 − F ) +B∗1(F1 + F )]I7
+ 8fBm
2
Bmˆℓ
√
sˆ(1− sˆ)v2Im[F ∗1G]I7
+ πmB
√
sˆ(1− sˆ)2v2Re[(A∗1 + A∗2 +B∗1 − B∗2)G1]
+ πmB
√
sˆ(1− sˆ)2v2Im[(A∗1 + A∗2 − B∗1 +B∗2)G]
+ 2πmB
√
sˆ3(1− sˆ)v2
[
Re[(A∗1 +B
∗
1)H1] + Im[(A
∗
1 − B∗1)H ]
]
+ 4πfBmB
√
sˆ(1− sˆ)(1−√1− v2)Im[(A∗2 − B∗2)F1 − (A∗2 +B∗2)F ]
}
, (18)
PLT =
1
∆
{
− 1√
sˆ
f 2Bm
4
Bmˆℓ(1− sˆ)v
[
(1− sˆ) |F1|2 + (1 + sˆ) |F |2
]
(I2 + I4)
+ 8fBm
2
Bmˆℓ
√
sˆ(1− sˆ)v
(
Im[F ∗1H1] + Re[F
∗H ]
)
I7
+ fBm
3
B
√
sˆ(1− sˆ)2vRe[(A∗2 +B∗2)F1]I7
+
4
v
πfBmB
√
sˆ(1− sˆ)(1−
√
1− v2)Re[(A∗2 −B∗2)F ]
− 4
v
πfBmB
√
sˆ[1− sˆ(1− 2v2)](1−
√
1− v2)Re[(A∗1 − B∗1)F1]
− 4√
sˆ
πmˆℓ(1− sˆ)2v
(
|G1|2 + |G1|2
)
− 8πmˆℓ
√
sˆ(1− sˆ)vRe[G∗1H1 +G∗H ]
6
+ πmB
√
sˆ(1− sˆ)2vIm[(A∗1 −A∗2 − B∗1 − B∗2)G1]
+ πmB
√
sˆ(1− sˆ)2v
[
Re[(A∗1 −A∗2 +B∗1 +B∗2)G] + 2mBmˆℓRe[A∗1A2 − B∗1B2]
]
+ 2πmB
√
sˆ3(1− sˆ)v
[
Im[(A∗1 −B∗1)H1] + Re[(A∗1 +B∗1)H ]
]
− 4
v
πfBmB
√
sˆ(1 + sˆ)(1−
√
1− v2)Re[(A∗1 +B∗1)F ]
]
+
32√
sˆv
πmˆℓ(1− sˆ)(1−
√
1− v2)Im[F ∗1G1]
+
32√
sˆv
πmˆℓ(1−
√
1− v2)Re[F ∗G]
}
, (19)
PTL =
1
∆
{
− 1√
sˆ
f 2Bm
4
Bmˆℓ(1− sˆ)v
[
(1− sˆ) |F1|2 + (1 + sˆ) |F |2
]
(I2 + I4)
+ 8fBm
2
Bmˆℓ
√
sˆ(1− sˆ)v
(
Im[F ∗1H1] + Re[F
∗H ]
)
I7
+ fBm
3
B
√
sˆ(1− sˆ)2vRe[(A∗2 +B∗2)F1]I7
− 4
v
πfBmB
√
sˆ(1− sˆ)(1−√1− v2)Re[(A∗2 −B∗2)F ]
+
4
v
πfBmB
√
sˆ[1− sˆ(1− 2v2)](1−
√
1− v2)Re[(A∗1 − B∗1)F1]
− 4√
sˆ
πmˆℓ(1− sˆ)2v
(
|G1|2 + |G1|2
)
− 8πmˆℓ
√
sˆ(1− sˆ)vRe[G∗1H1 +G∗H ]
− πmB
√
sˆ(1− sˆ)2vIm[(A∗1 + A∗2 − B∗1 +B∗2)G1]
+ πmB
√
sˆ(1− sˆ)2v
[
Re[(A∗1 + A
∗
2 +B
∗
1 − B∗2)G]− 2mBmˆℓRe[A∗1A2 −B∗1B2]
]
− 2πmB
√
sˆ3(1− sˆ)v
[
Im[(A∗1 −B∗1)H1]− Re[(A∗1 +B∗1)H ]
]
− 4
v
πfBmB
√
sˆ(1 + sˆ)(1−√1− v2)Re[(A∗1 +B∗1)F ]
]
+
32√
sˆv
πmˆℓ(1− sˆ)(1−
√
1− v2)Im[F ∗1G1]
+
32√
sˆv
πmˆℓ(1−
√
1− v2)Re[F ∗G]
}
, (20)
PNT =
1
∆
{
− 16sˆ(1− sˆ)vRe[G∗H1 +G∗1H ]
− 16mBmˆℓsˆ(1− sˆ)vIm[(A∗2 +B∗2)H ]
+
16
v2
fBsˆ
[
2v − (1− v2) ln
(
1 + v
1− v
)]
Re[F ∗G1]
+ 2fBm
3
Bmˆℓ(1− sˆ)2vIm[A∗1(F1 − F ) +B∗1(F1 + F )](I8 − I9)
− 32sˆ2vIm[H∗1H ]
− f 2Bm4B sˆIm[F ∗1F ]
{
v[3 + v2 − sˆ(1− v2)]I3 − (1− v2)[(1− sˆ)I5 + (1 + sˆ)I6]
}
− 4fBm4B(1− sˆ)[sˆ− 2mˆ2ℓ(1 + sˆ)]vIm[F ∗1N ]I8
7
+ 16fBsˆ
[
2v − (1− v2) ln
(
1 + v
1− v
)]
Im[F ∗1G]
− 2fBm3Bmˆℓ(1− sˆ2)vIm[(A∗2 +B∗2)F ](I8 − I9)
+ 4fBm
2
B sˆvRe[F
∗H1]
[
(1− sˆ)I8 + (1 + sˆ)I9
]
+ 4fBm
2
B sˆvIm[F
∗
1H ]
[
(1− sˆ)v2I8 + (1− sˆ+ 2sˆv2)I9
]
+
16
v2
fBm
2
B sˆ
[
2v − ln
(
1 + v
1− v
)]
Re[F ∗N1]
− 8
v2
fBmBmˆℓ(1− sˆ)
[
2v − (1− v2) ln
(
1 + v
1− v
)]
Im[(A∗2 − B∗2)F1]
− 16
3
mBmˆℓ(1− sˆ)2vRe[(A∗1 + A∗2 +B∗1 −B∗2)G1 +m2B sˆ(A∗1 − B∗2)N1]
− 8
3
mB(1− sˆ)2vIm[2mˆℓ(A∗1 + A∗2 − B∗1 +B∗2)G−mB sˆ(A∗1B1 + A∗2B2)]
+
8
3
m2B sˆ(1− sˆ)2v
(
Re[G∗N1 +G
∗
1N +m
2
B sˆN
∗
1N ] +mBmˆℓIm[(A
∗
2 +B
∗
2)N ]
)}
, (21)
PTN =
1
∆
{
− 16sˆ(1− sˆ)vRe[G∗H1 +G∗1H ]
− 16mBmˆℓsˆ(1− sˆ)vIm[(A∗2 +B∗2)H ]
+
16
v2
fBsˆ
[
2v − (1− v2) ln
(
1 + v
1− v
)]
Re[F ∗G1]
+ 2fBm
3
Bmˆℓ(1− sˆ)2vIm[A∗1(F1 + F ) +B∗1(F1 − F )](I8 − I9)
− 32sˆ2vIm[H∗1H ]
− f 2Bm4B sˆIm[F ∗1F ]
{
v[3 + v2 − sˆ(1− v2)]I3 − (1− v2)[(1− sˆ)I5 + (1 + sˆ)I6]
}
− 4fBm4B(1− sˆ)[sˆ− 2mˆ2ℓ(1 + sˆ)]vIm[F ∗1N ]I8
+ 16fBsˆ
[
2v − (1− v2) ln
(
1 + v
1− v
)]
Im[F ∗1G]
− 2fBm3Bmˆℓ(1− sˆ2)vIm[(A∗2 +B∗2)F ](I8 − I9)
+ 4fBm
2
B sˆvRe[F
∗H1]
[
(1− sˆ)I8 + (1 + sˆ)I9
]
+ 4fBm
2
B sˆvIm[F
∗
1H ]
[
(1− sˆ)v2I8 + (1− sˆ+ 2sˆv2)I9
]
+
16
v2
fBm
2
B sˆ
[
2v − ln
(
1 + v
1− v
)]
Re[F ∗N1]
+
8
v2
fBmBmˆℓ(1− sˆ)
[
2v − (1− v2) ln
(
1 + v
1− v
)]
Im[(A∗2 − B∗2)F1]
− 16
3
mBmˆℓ(1− sˆ)2vRe[(A∗1 − A∗2 +B∗1 +B∗2)G1 −m2B sˆ(A∗1 −B∗2)N1]
+
8
3
mB(1− sˆ)2vIm[2mˆℓ(A∗1 −A∗2 − B∗1 − B∗2)G−mB sˆ(A∗1B1 + A∗2B2)]
+
8
3
m2B sˆ(1− sˆ)2v
(
Re[G∗N1 +G
∗
1N +m
2
B sˆN
∗
1N ] +mBmˆℓIm[(A
∗
2 +B
∗
2)N ]
)}
, (22)
8
PNN =
1
∆
{
− 16mBmˆℓsˆ(1− sˆ)Im[(A∗2 +B∗2)H1]
+ 16sˆv2
[
(1− sˆ)Re[G∗H ] + sˆ |H|2
]
− −16sˆ(1− sˆ)Re[G∗1H1 − v2G∗H ]
− 16sˆ2
(
|H1|2 − v2 |H|2
)
+ f 2Bm
4
B sˆ
[
(1 + v2)I3 − (1− v2)I6
]
|F |2
− f 2Bm4B sˆv
{
v[2− sˆ(1− v2)I3 − (1− v2)[(1− sˆ)I5 + sˆvI6]
}
|F1|2
− 4fBm2B sˆv2Re[F ∗H ]
[
(1− sˆ)I8 + (1 + sˆ)I9
]
+ 4fBm
2
B sˆIm[F
∗
1H1]
[
(1− sˆ)v2I8 + (1− sˆ+ 2sˆv2)I9
]
+
16
v
fBmBmˆℓsˆ
[
2v − (1− v2) ln
(
1 + v
1− v
)]
Re[(A∗2 +B
∗
2)F1]
+
16
v
fBsˆ
[
2v − (1− v2) ln
(
1 + v
1− v
)](
Im[F ∗1G1]− Re[F ∗G]
)
+
8
v
fBm
2
Bsˆ
[
4v − (3− sˆ− v2 + sˆv2) ln
(
1 + v
1− v
)]
Im[F ∗1N1]
− 16
v
fBm
2
B sˆ
[
2v − ln
(
1 + v
1− v
)]
Re[F ∗N ]
+
4
3
m2B sˆ(1− sˆ)2v2
(
2Re[A∗1B1 + A
∗
2B2 −G∗N ]−m2B sˆ |N |2
)
+
4
3
m2B sˆ(1− sˆ)2(3− 2v2)
(
2Re[G∗1N1] +m
2
B sˆ |N1|2
)}
, (23)
PTT =
1
∆
{
16mBmˆℓsˆ(1− sˆ)Im[(A∗2 +B∗2)H1]
− 16sˆv2
[
(1− sˆ)Re[G∗H ] + sˆ |H|2
]
+
1
2
f 2Bm
4
B
{
− (1− sˆ)2(1− v2)I1 + [(1− sˆ)2 − v2 + 3sˆv2(2− sˆ) + 2sˆ2v4]I3
− (1− v2)(1− sˆ)2I4 − 2sˆ(1− sˆ)v(1− v2)I5 + (1− v2)[1− sˆ(2− sˆ+ 2sˆv2)]I6
}
|F1|2
+
1
2
f 2Bm
4
B
{
− (1− sˆ)2(1− v2)I1 + [1− v2 − 4sˆ+ sˆ2(1− v2)]I3
− (1− v2)(1− sˆ)2I4 + (1− v2)(1− sˆ2)I6
}
|F |2
− 4fBm3Bmˆℓ(1− sˆ)2Re[(A∗1 +B∗1)F ](I8 − I9)
+ 4fBm
2
B sˆv
2Re[F ∗H ][(1− sˆ)I8 + (1 + sˆ)I9]
− 4fBm2B sˆIm[F ∗1H1][(1− sˆ)v2I8 + (1− sˆ+ 2sˆv2)I9]
− fBmBmˆℓ(1− sˆ)Re[(A∗2 +B∗2)F1]
[
8−m2B(4− v2 − 4sˆ+ 5sˆv2)I8
+ m2B(3− 3sˆ+ 4sˆv2)I9
]
+ fBm
2
B sˆRe[F
∗N ]
[
8(1 + sˆ)−m2B(1− sˆ)(3− sˆ)v2I8 −m2B(1− sˆ2)I9
]
− fBm2B sˆIm[F ∗1N1]
[
8(1− sˆ+ 2sˆv2)−m2B(1− sˆ)(4− v2 − 4sˆ+ 5sˆv2 − 2sˆv4)I8
9
+ m2B(1− sˆ)(1− sˆ− 2v2)I9
]
− fBIm[F ∗1G1]
[
8(1− sˆ + 2sˆv2)−m2B(1− sˆ)(4− 5v2 − 4sˆ+ 9sˆv2 − 2sˆv4)I8
+ m2B(1− sˆ)(3− 3sˆ− 4v2 + 6sˆv2)I9
]
+ fBRe[F
∗G]
[
8(1 + sˆ) +m2B(1− sˆ)(4− 4sˆ− 3v2 + sˆv2)I8
− m2B(1− sˆ)(5− 3sˆ− 4v2)I9
]
+
16
3
mBmˆℓ(1− sˆ)2
[
2Im[(A∗2 −B∗2)G1]− 2Re[(A∗1 +B∗1)G]
+ mBmˆℓ
(
|A1|2 + |A2|2 + |B1|2 + |B1|2
)]
+
64
3sˆ
mˆ2ℓ(1− sˆ)2
(
|G1|2 + |G|2
)
+
8
3
m2B(1− sˆ)2
(
sˆRe[A∗1B1 + A
∗
2B2] +mBmˆℓIm[(A
∗
2 +B
∗
2)N1]
)
+
4
3
m4B sˆ
2(1− sˆ)2
[
(1− 2v2) |N1|2 + v2 |N |2
]
+
8
3
m2B sˆ(1− sˆ)2Re[(1− 2v2)G∗1N1 + v2G∗N ]
}
, (24)
where,
∆ = 16mBmˆℓ(1− sˆ)2
(
Im[(A∗2 +B
∗
2)G1]− Re[(A∗1 +B∗1)G−mBmˆℓ(A∗1B1 + A∗2B1)]
)
+ 48mBmˆℓsˆ(1− sˆ)Im[(A∗2 +B∗2)H1]
− 8m3Bmˆℓsˆ(1− sˆ)2Im[(A∗2 +B∗2)N1]
+
2
3
(1− sˆ)2
[
4(3− v2)
(
|G1|2 + |G|2
)
+m2B sˆ(3 + v
2)
(
|A1|2 + |A2|2 + |B1|2 + |B2|2
)]
+ 16sˆv2
[
(1− sˆ)Re[G∗H ] + sˆ |H|2
]
+ 16sˆ(3− 2v2)
[
(1− sˆ)Re[G∗1H1] + sˆ |H1|2
]
− 4
3
m2B sˆ(1− sˆ)2(3− 2v2)
(
2Re[G∗1N1] +m
2
B sˆ |N1|2
)
− 4
3
m2B sˆ(1− sˆ)2v2
(
2Re[G∗N ] +m2B sˆ |N |2
)
− 1
2
f 2Bm
4
B |F |2
{
(1− sˆ)2v2(I1 + I4)− (1 + sˆ2 + 2sˆv2)I3 − [1− sˆ(4− sˆ− 2v2)]I6
}
+
1
2
f 2Bm
4
B |F1|2
{
− (1− sˆ)2v2(I1 + I4) + [1− sˆ(2− sˆ− 4v2 + 2sˆv2 − 2sˆv4)]I3
− 2sˆ(1− sˆ)v(1− v2)I5 + [1− sˆ(2− sˆ + 2sˆv2 − 2sˆv4)]I6
}
− 4fBm2B sˆvRe[F ∗H ][(1− sˆ)vI8 + (1 + sˆ)I9]
− 4fBm2B sˆIm[F ∗1H1][(1− sˆ)v2I8 + (3− 2v2 − 3sˆ+ 4sˆv2)I9]
+ 2fBmBmˆℓRe[(A
∗
1 +B
∗
1)F ]
[
8(1 + sˆ) +m2B(1− sˆ2)v2I8 +m2B(1− sˆ)(1− 3sˆ)I9
]
− fBmBmˆℓ(1− sˆ)Re[(A∗2 +B∗2)F1]
[
8 +m2B(1− 5sˆ)v2I8 +m2B(3− 3sˆ+ 4sˆv2)I9
]
10
+ fBIm[F
∗
1G1]
[
− 24(1− sˆ+ 2sˆv2) +m2B(1− sˆ)(1 + 3sˆ− 6sˆv2)v2I8
+ m2B(1− sˆ)(1− sˆ− 2sˆv2)I9
]
+ fBRe[F
∗G]
[
− 24(1 + sˆ) +m2B(1− sˆ)(1− 3sˆ)v2I8 −m2B(1− sˆ)(1− 7sˆ+ 4sˆv2)I9
]
+ fBm
2
B sˆIm[F
∗
1N1]
[
− 8(1− sˆ+ 2sˆv2) +m2B(1− sˆ)(3 + sˆ− 2sˆv2)v2I8
+ m2B(1− sˆ)(3− 2v2 − 3sˆ+ 4sˆv2)I9
]
+ fBm
2
B sˆRe[F
∗N ]
[
− 8(1 + sˆ) +m2B(1− sˆ)(3− sˆ)v2I8 +m2B(1− sˆ2)I9
]
. (25)
In Eqs. (16)–(25), sˆ = q2/m2B, v =
√
1− 4mˆ2ℓ/sˆ is the lepton velocity with mˆℓ = mℓ/mB,
and Ii represent the following integrals
Ii =
∫ +1
−1
Fi(z)dz ,
where
F1 = z
2
(p1 · k)(p2 · k) , F2 =
z
(p1 · k)(p2 · k) , F3 =
1
(p1 · k)(p2 · k) ,
F4 = z
2
(p1 · k)2 , F5 =
z
(p1 · k)2 , F6 =
1
(p1 · k)2 ,
F7 = z
(p2 · k)2 , F8 =
z2
p1 · k , F9 =
1
p1 · k .
4 Numerical analysis and discussion
We now proceed by presenting our numerical analysis for all possible double–lepton polar-
izations. The values of the input parameters which have been used in the present work
are: |VtbV ∗ts| = 0.0385, mµ = 0.106 GeV , mτ = 1.78 GeV , mb = 4.8 GeV . For the SM
values of the Wilson coefficients we have used CSM7 (mb) = −0.313, CSM9 (mb) = 4.344 and
CSM10 (mb) = −4.669. The magnitude of CSM7 is quite well constrained from the b → sγ
transition, and hence it is well established. Therefore the values of CBR and CSL are fixed
by the relations CBR = −2mbCeff7 and CSL = −2msCeff7 . It is well known that the Wilson
coefficient CSM9 receives also long distance contributions which have their origin in the real
c¯c intermediate states, i.e., J/ψ, ψ′, · · · [14]. In the present work we restrict ourselves only
to short distance contributions.
In performing the numerical analysis, as is obvious from the expressions of Pij given
in Eqs. (16)–(24), we need to know the values of the new Wilson coefficients. During the
numerical calculations, we will vary all new Wilson coefficients in the range −
∣∣∣CSM10 ∣∣∣ ≤
CX ≤
∣∣∣CSM10
∣∣∣ and assume that all new Wilson coefficients are real. The experimental
results on the branching ratio of the B → K∗(K)ℓ+ℓ− decays [15, 16] and the bound on
the branching ratio of B → µ+µ− [17] suggest that this is the right order of magnitude
for the Wilson coefficients describing the vector and scalar interaction coefficients. But
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present experimental results on the branching ratio of the B → K∗ℓ+ℓ− and B → Kℓ+ℓ−
decays impose stronger restrictions on some of the new Wilson coefficients. For example,
−2 ≤ CLL ≤ 0, 0 ≤ CRL ≤ 2.3, −1.5 ≤ CT ≤ 1.5 and −3.3 ≤ CTE ≤ 2.6, and all of the
remaining Wilson coefficients vary in the region −
∣∣∣CSM10
∣∣∣ ≤ CX ≤ ∣∣∣CSM10
∣∣∣.
In further numerical analysis, as can easily be seen from Eqs. (16)–(24), explicit forms
of the form factors are needed, which are the main and most important parameters in the
calculation of Pij. These form factors are calculated in the framework of the QCD sum
rules in [3, 12, 13] and their q2 dependence can be represented, to a very good accuracy, in
the following forms
g(q
2) =
1 GeV(
1− q
2
(5.6 GeV )2
)2 , f(q2) = 0.8 GeV(
1− q
2
(6.5 GeV )2
)2 ,
g1(q
2) =
3.74 GeV 2(
1− q
2
40.5 GeV 2
)2 , f1(q2) = 0.68 GeV
2(
1− q
2
30 GeV 2
)2 ,
which we will be using in the numerical calculations.
Numerical results are presented only for the Bs → ℓ+ℓ−γ decay. It is clear that in
the SU(3) limit the difference between the decay rates is attributed to the CKM matrix
elements only, i.e.,
Γ(Bd → ℓ+ℓ−γ)
Γ(Bs → ℓ+ℓ−γ) ≃
|VtbV ∗td|2
|VtbV ∗ts|2
≃ 1
20
.
It follows from the explicit expressions of the double–lepton polarization asymmetries
that they depend on q2 and the new Wilson coefficients. For this reason there may appear
difficulties in studying the dependencies of the physical properties on both parameters at
the same time. Hence, it is necessary to eliminate the dependence of Pij on one of these
parameters. Here in the present work, we eliminate q2 dependence of Pij by performing
integration over q2 in the kinematically allowed region. The averaging of Pij over q
2 is
defined as
〈Pij〉 =
∫m2
B
4m2
ℓ
Pij
dB
dq2
dq2
∫m2
B
4m2
ℓ
dB
dq2
dq2
(26)
The reason why we study the dependence of 〈Pij〉 on new Wilson coefficients is that in
doing so we directly establish new physics beyond the SM, if the value of 〈Pij〉 turns out to
be different compared to that predicted by the SM.
In Figs. (1)–(8) we present the dependence of the averaged double–lepton polarization
asymmetries on the new Wilson coefficients. From these figures we get the following results:
• 〈PLL〉 exhibits very strong dependence on scalar, tensor interactions as well as on the
vector interaction with coefficient CRL. When scalar interaction coefficients vary in
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the region −4 ≤ Cscalar ≤ −0.8 the value of 〈PLL〉 is positive; in the region −0.8 ≤
Cscalar ≤ 0.8 it gets negative value and when it varies in the region 0.8 ≤ Cscalar ≤ 4
it again gets positive values. We should remind that in the SM 〈PLL〉 is negative and
its magnitude is |〈PLL〉| ≈ 0.7. Similar situation holds for tensor interaction with
the coefficient CTE, as can easily be seen in Fig. (1). Our analysis shows that 〈PLT 〉
depends more strongly on scalar and tensor interactions, as is the case for 〈PLL〉.
Therefore we can conclude that measurement of the sign and magnitude of 〈PLL〉 and
〈PLT 〉 can give essential information about the existence of new physics beyond the
SM.
• 〈PTL〉 is very sensitive to the existence of the scaler interaction only. More essential
than that, 〈PTL〉 changes its sign when scalar interaction coefficients vary in the
allowed region. Such behavior can serve as a good test for establishing new type of
scalar interaction.
• 〈PTT 〉 ≈ − 〈PNN〉, and both are quite sensitive to the existence of tensor and scalar
interactions, and to the vector interaction with coefficient CLR. In the presence of
tensor, scalar and vector interactions the values of 〈PTT 〉 and 〈PNN〉 can exceed the SM
results 6, 5 and 2.5 times, respectively. Moreover, when scalar interaction coefficients
CRLLR(CRLRL) is negative, then the value of 〈PTT 〉 is positive (negative). When
CRLLR(CRLRL) is positive, 〈PTT 〉 becomes negative (positive). For the case when
vector interaction coefficient CLR is negative, 〈PTT 〉 is also negative, while, when CLR
changes sign and becomes positive, 〈PTT 〉 turns out to be positive as well. Therefore
determination of the sign and magnitude of 〈PNN〉 and 〈PTT 〉 can give unambiguous
information about the existence of scalar and vector interactions. Departure of 〈PNT 〉
and 〈PTN〉 from SM results is of not considerable importance, and hence we do not
present their dependence on CX .
Depicted in Figs. (4)–(7) are the dependence of 〈Pij〉 on the new Wilson coefficients for
the Bs → τ+τ−γ decay. Similar to the Bs → µ+µ−γ decay, we observe that several of the
double–lepton polarization asymmetries are very sensitive to the existence of new physics.
More precisely, we can briefly summarize the results as follows:
i) except CLL, 〈PLL〉 is very sensitive to the existence of all new Wilson coefficients.
ii) 〈PLT 〉 and 〈PTL〉 exhibit strong dependence on all Wilson coefficients, except the
vector interactions CLL and CRR. These quantities show very strong dependence, especially,
on all types of scalar interactions, vector interactions with coefficients CLR and CRL, and
tensor interaction with coefficient CT .
iii) 〈PTT 〉 = −〈PNN〉 are very sensitive to the existence of scalar interactions CRLLR
and CLRRL, when these coefficients are both positive. More important than that, 〈PTT 〉 =
−〈PNN〉 change their sign when scalar coefficients vary in the region −3 > Cscalar > +3.
iv) 〈PNT 〉 ≈ 〈PTN〉 are both strongly dependent only on the tensor interaction with
coefficient CTE. For all other new Wilson coefficients the values of 〈PNT 〉 ≈ 〈PTN〉 are very
close to the SM prediction, i.e., to zero. Furthermore, when CTE is negative (positive),
these quantities get positive (negative) values, with a considerable departure from the SM
about 15%. Therefore, determination of the sign and and magnitude of 〈PTN〉 and 〈PNN 〉
can give direct information solely about the existence of the tensor interaction.
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v) Similar situation holds for the double–lepton polarization asymmetry 〈PLN〉 as well,
i.e., 〈PLN〉 shows strong dependence only on the tensor interaction with coefficient CTE.
When CTE is negative (positive), 〈PLN〉 gets negative (positive) values. Hence, departure
from the SM prediction (in SM 〈PLN〉 ≈ 0) can reach to 4%. Therefore analysis of 〈PLN〉
can serve as a good test for establishing the presence of tensor interactions. The values of
〈PNL〉 is negligibly small (maximum departure from the SM is being about 1.5%) and for
this reason we do not present its dependence on CX .
At the end of this section, let us discuss the possibility of measurement of the lepton
polarization asymmetries in experiments. Experimentally, to measure an asymmetry 〈Pij〉
of the decay with the branching ratio B at nσ level, the required number of events (i.e., the
number of BB¯ pair) are determined by the following expression
N = n
2
Bs1s2〈Pij〉2 ,
where s1 and s2 are the efficiencies of the leptons. Efficiency of the µ lepton is practically
equal to one, and typical values of the efficiency of the τ lepton ranges from 50% to 90%
for the various decay modes [18].
From the expression for N we see that, in order to obtain the double–lepton polarization
asymmetries in Bs → ℓ+ℓ−γ decays at 3σ level, the minimum number of required events
are (for the efficiency of τ–lepton we take 0.5):
• for the Bs → µ+µ−γ decay
N =


∼ 109 〈PLL〉 ,
∼ 7× 1010 〈PTT 〉 ,
∼ 3× 1010 〈PNN 〉 ≃ 〈PLT 〉 ≃ 〈PTL〉 ,
which yields that, for detecting 〈PLN〉, 〈PNL〉, 〈PNT 〉 and 〈PTN〉, more than 1013 B¯B
pairs are required.
• for Bs → τ+τ−γ decay
N =


∼ 1010 〈PLL〉 , 〈PTT 〉 , 〈PNN〉 ,
∼ 3× 1011 〈PLT 〉 = 〈PTL〉 ,
> 1013 〈PLN 〉 , 〈PNL〉 , 〈PTN〉 , 〈PNT 〉 .
The number of B¯B pairs that will be produced at LHC is around ∼ 1012. As a result
of a comparison of this number of B¯B pairs with that of N , we conclude that 〈PLL〉,
〈PTT 〉, 〈PNN〉, 〈PTL〉 and 〈PLT 〉 in Bs → µ+µ−γ decay, and 〈PLL〉, 〈PTT 〉 and 〈PNN 〉
in Bs → τ+τ−γ decay can be detectable in future experiments at LHC. Note that for
calculation of the branching ratio, we take its SM result, i.e., B(Bs → µ+µ−γ) ≃ 1.3× 108
and B(Bs → τ+τ−γ) ≃ 6 × 109. In obtaining these values, minimal value for the photon
energy is taken to be 50 MeV .
In conclusion, we calculate nine double–lepton polarization asymmetries using the most
general, model independent form of the effective Hamiltonian including all possible form
of interactions. The sensitivity of the averaged double–lepton polarization asymmetries to
the new Wilson coefficients are studied. Finally we discuss the possibility of experimental
measurement of these double–lepton polarization asymmetries at LHC.
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Figure captions
Fig. (1) The dependence of the averaged double–lepton polarization asymmetry 〈PLL〉 on
the new Wilson coefficients for the Bs → µ+µ−γ decay.
Fig. (2) The same as in Fig. (1), but for the averaged double–lepton polarization asym-
metry 〈PTL〉.
Fig. (3) The same as in Fig. (1), but for the averaged double–lepton polarization asym-
metry 〈PTT 〉.
Fig. (4) The same as in Fig. (1), but for the Bs → τ+τ−γ decay.
Fig. (5) The same as in Fig. (4), but for the averaged double–lepton polarization asym-
metry 〈PLT 〉.
Fig. (6) The same as in Fig. (4), but for the averaged double–lepton polarization asym-
metry 〈PTL〉.
Fig. (7) The same as in Fig. (4), but for the averaged double–lepton polarization asym-
metry 〈PTT 〉.
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